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Yearly vaccine selection
Global Surveillance



US Flu VE Network:  Five Study Sites 



US Hospitalized Influenza Vaccine 
Effectiveness Network (HAIVEN)

• 5 year cooperative agreement, 2015-16 through 
2019-20

• CDC and 4 partner institutions

• Year 1 (2014-2015) – University of Michigan 
Only

• Year 2 (2015-2016) 7 hospitals with 4700 beds 

• Year 3+ (2016-) now 10+ hospitals Baylor Scott & White 
Health
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Test-Negative Design

✓Most commonly used observational design for estimating VE

✓Participants are selected from people presenting with a common case definition.
✓Cough in ambulatory setting; Clinical syndrome in hospital setting

✓Active surveillance in US

✓Swab collected for RT-PCR testing
✓Cases: subjects testing positive for influenza

✓ Controls: subjects testing negative for influenza

✓Estimated ratios of the odds of influenza in vaccinated and unvaccinated subjects 
are used to calculate VE.

Jackson et al. Vaccine 2013; 31:2165-8.
Foppa et al. Vaccine 2013; 31:3104-9.



https://www.cdc.gov/flu/professionals/vaccination/effectiveness-studies.htm
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Adjusted Estimates of Influenza Vaccine Effectiveness, Overall and Stratified According to Age, 
Virus Subtype or Lineage, and Vaccine Type.

Jackson ML et al. N Engl J Med 2017;377:534-543

LAIV VE Lower than IIV Overall (2015-2016)



Adjusted Estimates of Influenza Vaccine Effectiveness among Children 2 to 17 Years of Age, 
Overall and Stratified According to Virus Subtype or Lineage and Vaccine Type.

Jackson ML et al. N Engl J Med 2017;377:534-543

Results for Children 2 to 17 Years (2015-2016)



Odds Ratios for Medically Attended Influenza, Overall and According to Age Group.

Jackson ML et al. N Engl J Med 2017;377:534-543

Direct Comparison of LAIV vs IIV by Age (2015-2016)



LAIV subsequently reformulated
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Griffin et al. PLoS One 2011;6:e23085                     McClean et al. J Inf Dis 2014;

Treanor et al. Clin Inf Dis 2012;55:951-9                 Flannery et al. MMWR 2014;63:137-42

Ohmit et al. Clin Inf Dis 2014;58:319-27                  Flannery et al. MMWR 2014;64:10-5

Influenza Vaccine Effectiveness in Preventing Ambulatory Care Visits, 

US Flu VE Network 2009-2014

2014-2015 was a bad year for the influenza vaccine



From: Enhanced Genetic Characterization of Influenza A(H3N2) Viruses and Vaccine Effectiveness by Genetic 

Group, 2014–2015
J Infect Dis. 2016;214(7):1010-1019. doi:10.1093/infdis/jiw181

J Infect Dis | Published by Oxford University Press for the Infectious Diseases Society of America 2016. This work is written by

(a) US Government employee(s) and is in the public domain in the US

Vaccine-like strains
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Analysis Subset

Vaccinated
N Pos/Total 

(%)
Unvaccinated

N Pos/Total (%)
Unadjusted

VE % (95% CI)
Adjusted

VE % (95% CI)

Influenza A H3N2 57/421 (13.5) 41/203(20.2) 38 (4 to 60) 43 (5 to 66)

Age 18-49 yrs 7/77 (9.1) 20/88 (22.7) 64 (12 to 86) 67 (11 to 88)

Age 50-64 yrs 22/169 (13.0) 10/70 (14.3) 12 (-95 to 60) 10 (-127 to 64)

Age 65+ yrs 28/175 (16.0) 11/45 (24.4) 42 (-27 to 74) 48 (-33 to 80)

Models were adjusted for age in months (cubic spline), calendar time (categorical biweekly), sex, enrollment hospital (UM; HF), time from 
onset to specimen collection (days), frailty score (0-5), and Charlson score (categorical: 0, 1, 2, 3+).



In-hospital serology in a drifted year 2014-2015

VACCINE STRAIN CIRCULATING STRAIN



Why?

• Despite mismatch between circulating and vaccine viruses, VE estimates in this 
study were higher than those in ambulatory care settings. 

• Influenza vaccine may have been more effective in preventing severe illness 
requiring hospitalization.

• If vaccination reduces severity, can we see a difference between infection in 
vaccinated and unvaccinated individuals.



Hospitalized Adults are a Unique Population

• 90% or more have a high risk condition.

• Difficult to determine whether severity is due to the virus or due to other health 
problems.

• People at risk of severe disease (based on health history or chronic disease) may 
be admitted and treated faster.

• Major challenge for hospital-based studies of influenza.



Predictors of Severe Disease in ARI and Flu,
2014-2015 & 2015-2016

ARI (N=1072) Influenza A Positive (N=188)
ICU 

(OR, 95% CI)
LOS

(% Change, 95% 
CI)

30 Day 
Readmission
(OR, 95% CI)

ICU 
(OR, 95% CI)

LOS
(% Change, 95% CI)

30 Day 
Readmission
(OR, 95% CI)

Male Sex 1.5 (1.0, 2.2) 6.1 (-0.5, 13.1) 1.1 (0.8, 1.6) 0.7 (0.3, 1.8) -5.0(-19.2, 11.7) 0.4 (0.1, 1.4)

Age     18-49 1.0 0.0 1.0 1.0 0.0 1.0
50-64 1.0 (0.6, 1.6) 3.6 (-4.4, 12.3) 0.9 (0.6, 1.3) 1.1 (0.3, 3.6) 3.2 (-16.1, 26.9) 1.5 (0.3, 7.7)

≥65 1.0 (0.6, 1.6) 0.4 (-7.7, 9.1) 0.6 (0.4, 1.0) 1.0 (0.3, 3.4) 6.6 (-13.8, 31.9) 1.2 (0.3, 6.2)

Charlson Score 
>2

1.5 (1.0, 2.3) 21.7 (13.3, 30.7) 1.8 (1.2, 2.7)* 1.6 (0.5, 5.7) 8.5 (-11.0, 32.2) 1.1 (0.3, 4.2)

Vaccination - - - 1.0  (0.3, 3.1) -6.1 (-22.4, 13.6) 0.9 (0.3, 3.5)
Frailty Score2 1.5 (0.8, 3.0) 22.7 (9.3, 37.5)* 1.4 (0.8, 2.5) 1.0 (0.1, 6.1) 31.4 (-4.5, 80.9) 8.9 (1.2, 78.0)*
1Adjusted models contain male sex, age group, enrollment site, Charlson score, weighted frailty score, total annual healthcare 
visits, and influenza status.  Influenza A subtype and vaccination were also included in models restricted to influenza A positive 
adults.

Segaloff HE et al. Epidemiology and Infection, 2018, 146, 1350-1358.



Time to Discharge and Antiviral Treatment

Overall  (N=201) Vaccinated (N=106) Unvaccinated (N=95)

Predictors Hazard Ratio 
(95% CI)

P Hazard Ratio 
(95% CI)

P Value Hazard Ratio 
(95% CI)

P

Antiviral Treatment 1.1 (0.8, 1.5) 0.44 1.6 (1.0, 2.4) 0.04 0.9 (0.5, 1.4) 0.52

Weighted Frailty Score 0.5 (0.3, 1.0) 0.04 0.6 (0.3, 1.3) 0.17 0.5 (0.2, 1.2) 0.11

Total Visits (Tertiles)

Tertile 0 ref Ref ref

Tertile 1 1.6 (1.0, 2.7) 0.05 0.5 (0.1, 1.6) 0.23 1.6 (0.9, 2.9) 0.09

Tertile 2 1.3 (0.8, 2.1) 0.32 0.3 (0.1, 1.0) 0.05 1.3 (0.7, 2.4) 0.40

Tertile 3 1.5 (0.9, 2.4) 0.13 0.4 (0.2, 1.2) 0.09 1.6 (0.8, 3.5) 0.21

1Models contain all predictors in the table
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2017-2018 Influenza Season, US Data



2017-2018 Influenza Season, US Data



Adjusted vaccine effectiveness against outpatient medically-attended influenza-
associated illness, US Flu VE Network — 2017–2018 influenza season

Rolfes et al. Clin Infect Dis, Under Review



Vaccine use was down in 2017-2018

www.cdc.gov/flu/fluvaxview



2017-2018 Burden
959,134

hospitalizations

22,710,522 medical visits

48,822,333 symptomatic illnesses

79,416 Deaths
Includes 618 Pediatric Deaths
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2017-2018 and the case of the egg-adaptation



Glycosylation 
sites change with 
drift.

Tate MD et al. Playing Hide and Seek: How Glycosylation of the Influenza Virus Hemagglutinin 
Can Modulate the Immune Response to Infection. Viruses 2014, 6, 1294-1316.



Egg Adaptations in Recent H3N2 strains

Levine M, Martin ET, et al. J Infect Dis. In press.

Antibodies by Infection Status

Antibodies by Vaccination Status



What else can we learn?



HIVE Surveillance



2018-2019 Influenza Season, US Data













Nextstrain.org/flu

2018-2019 Vaccine

Recent Circulating Strain2019-2020 Vaccine Strain



Vaccination isn’t the only tool
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Thank you!

Questions?

etmartin@umich.edu
@MartinEpi


